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Abstract 
The arithmetical average roughness, Ra, is widely used to evaluate the quality of surface finish in machining parts. Its value 
depends on cutting parameters: cutting speed, feed and cutting depth. It is necessary to optimize the value of these parameters to 
achieve the desired quality, especially in the absence of cutting fluids. In this work, a study of the superficial quality of test 
bars, turned in dry, of an AL-Zn UNS A97075 alloy is presented. The value of Ra has been analyzed along the axial machining 
length for a series of test-pieces obtained under different combinations of cutting parameters values. The obtained results 
confirm that feed has the biggest influence. Finally, a potential relationship between Ra, cutting parameters and machining time 
has been obtained. This relationship allows predicting the behavior of Ra in the range of cutting parameters considered, along 
the machining time. 
© 2013 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of Universidad de Zaragoza, Dpto Ing Diseño y Fabricacion. 
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1. Introduction 
Low density and high strength are properties required for materials used in manufacturing of structural parts for 
aircraft. In this regard, light alloys, especially titanium alloys and aluminum alloys, are widely used because of 
their excellent relationship between these properties [Campbell (2006), Ezugwu et al. (2003), Kaufman (2006)]. 
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Their production usually involves different types of processes. Among them, it is possible to outline machining 
processes [Nouari et al. (2003), Polmear (2005)]. 
Until few years ago, lubricants and coolants have been commonly employed for evacuating the thermal energy 
involved in a machining process and, also, for diminishing the temperature in the work area. However, these 
cutting fluids have a negative environmental impact and/or can negatively affect health. Because of this, 
environmental laws recommend avoiding the use of cutting fluids. This new situation has forced the development 
of cutting fluids of low environmental impact together with the search for machining methods that avoid or 
minimize their use. In this sense, dry machining is widely used [Shokrani et al. (2012), Zhang et al. (2012)]. 
Notwithstanding, dry machining causes extreme work conditions, giving raise to alterations both in the tool and 
in the piece. This leads in deviations on the design specifications. On the other hand, aerospace requirements 
involve high quality levels. This makes necessary to seek combinations of cutting parameters and types of tools 
that improve the machining in those conditions, aiming to obtain a quality level in products, according to the 
demanded specifications and with a cost as low as possible [López de Lacalle et al. (2000), Liu et al. (In press)]. 
The quality of machining parts can be monitored by different methods. One of the most used involves the 
analysis of the finishing quality of the workpieces. This analysis is usually related to micro geometrical deviations, 
commonly evaluated trough arithmetical average roughness, Ra. Among the main factors that influence Ra are the 
cutting parameters: cutting speed (v), feed (f) and cutting depth (p) [Korkut and Donertas (2007), Rashad and El-
Hossainy (2006)]. 
In this work, a surface quality analysis versus axial machining length (L) of dry turned cylindrical bars of UNS 
A97075 (Al-Zn) alloy is presented. Arithmetical average roughness, Ra, has been selected to define the surface 
quality of the workpieces. Its value has been analyzed for a series of test-pieces obtained under different 
combinations of cutting speed and feed. Furthermore, a potential relationship between Ra, machining time (t) and 
cutting parameters (v, a) has been obtained. This relationship allows predicting the behavior of Ra in the range of 
cutting parameters considered. 
Similar studies have been performed in other aluminum alloys, but it should be noted that this is the first drilled 
on this alloy. Its high content of Zn provides it with a high plasticity. This fact has a huge influence on the chip 
formation and secondary adhesion wear. 
2. Experimental 
Horizontal turning process was selected to carry out the tests, due to its simplicity. The cutting tests were 
performed in an ECLIPSE EMCO horizontal lathe equipped with numerical control FAGOR 8055T, Fig. 1a. 
In this work, the workpieces used in the turning tests were cylindrical bars (200 mm long with diameters 
between 30 and 60 mm) of UNS A97075-T6 (Al–Zn) alloy. Table 1 includes the mass percentage of the main 
elements contained in this alloy. 
Table 1. Composition of machined alloy (% mass). 
Zn Mg Cu Cr Fe Al 
6,03 2,62 1,87 0,19 0,15 Rest 
 
Machining processes were performed taking into consideration the use of environmentally friendly 
technologies. Because of this, the employment of cutting fluids has been avoided. So, dry machining processes 
were carried out. In order to withstand these harsh conditions, the tools employed were TiN covered WC–Co 
turning inserts, with ISO KCMW 11T308 FN M-identification. Tool geometry is indicated in Fig. 1a. A new tool 
was used in each test, so as to guarantee the same initial conditions. 
To evaluate the influence of the cutting parameters on the quality of surface finish of machined parts, the 
aforementioned tests were performed using different combinations of the cutting parameters values. Table 2 
includes the values of cutting speed (v) and feed (f) applied. Tests were carried out using a fixed cutting depth (d), 
of 1 mm, and a fixed axial machining length (L), of 150 mm. 
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Fig. 1. (a) Horizontal lathe and tool used in the turning tests. (b) Roughness measurement equipment layout. 
Table 2. Cutting speed and feed applied in the turning tests. 
v (m/min) 40 80 170 200 
a (mm/rev) 0,05 0,1 0,2  
 
The cutting process was monitored by using a SONY DCR-DVD92E Digital Camera, in order to record any 
issues when machining. In addition, the generated chip was collected, photographed and stored for further 
observations. 
Roughness measurements were made along the axial machining length, with a MAHR roughness-meter model 
Perthometer M4Pi, with a measurement device formed by a PFK drive unit and a stylus NHT 6–100, Fig. 1b. Each 
test bar was divided into several stretches, separated by a distance of 25 mm, leaving a 12,5 mm free distance at 
both ends. The representative average roughness, Ra, in each stretch was obtained from the mean value taken from 
4 equidistant generatrixes.  
On the other hand, changes in the tools were monitored using a NIKON stereoscopic microscope, model SMZ 
2T with up to 63X, Kappa Image Base camera mod. CF11 DSP, PCI capture card SC module, and light emitting 
source Volpi Intralux 400. In addition, microcompositional and microstructural tool changes were analysed by 
combining SEM (Scanning Electron Microscopy) and EDS (Energy Dispersive Spectroscopy) techniques. SEM 
and EDS analysis has been developed using a JEOL SM-6490LV scanning electron microscope, attached to an 
energy dispersive spectrometer analyser. 
3. Results and discussion 
Fig. 2 and Fig. 3 plots the mean Ra values as a function of L, for each cutting speed and feed used. As it can be 
observed, feed is the parameter that most influences Ra. Thereby, the highest Ra values are obtained for feeds of 
0,2 mm/rev. On the other hand, a significantly decreasing of Ra values is observed for feeds of 0,05 and 0,1 
mm/rev, where similar values are obtained. This trend keeps independent of cutting speed used. 
For low cutting speed values considered (40 and 80 m/min), the value of Ra can be even five times higher, 
going from feeds of 0,05 or 0,1 mm/rev to feeds of 0,2 mm/rev. For high cutting speed values considered (170 and 
200 m/min) these differences are lower. In this case, Ra values can be between two and three times higher, when 
going from feeds of 0,05 or 0,1 mm/rev to feeds of 0,2 mm/rev. 
Furthermore, it can be observed as Ra values present a certain tendency to decrease with axial machining length 
(L). This trend is significantly higher for low feed values (0,05 and 0,1 mm/rev), where reductions between 30% 
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and 40% can be observed. For high feed values considered (0,2 mm/rev) Ra remains approximately constant. In 
this case, reductions of 10% or so are shown. However, this observation cannot be extended to all the cases. 
Different trends can be observed for the test performed with v = 40 m/min and f = 0,2 mm/rev. For this case, the 
obtained results show several fluctuations of Ra values along L, and differences can be even 40%. 
 
Fig. 2. Ra = f (L), for each feed and cutting speed used. 
 
Fig. 3. Ra = f (L), for each cutting speed and feed used. 
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Fig. 4. Influence of feed and BUE on Ra. 
On the other hand, it can be observed that the influence of cutting speed on Ra is much lower than feed. For 
tests performed with f = 0,05 mm/rev the highest Ra values were obtained for high cutting speed values (170 and 
200 m/min). Additionally, a certain tendency to decrease Ra is observed when going from v = 200 m/min to v = 
170 m/min, and also when going from v = 40 m/min to v = 80 m/min.  
A different trend it can be observed for test performed with f = 0,1 mm/rev. In this case, the highest Ra values 
are obtained for v = 170 m/min and v = 80 m/min, up to half L. From there, Ra values tend to be similar for all 
cutting speed values considered. For test carried out with feed of 0,2 mm/rev the higher Ra values are obtained for 
low cutting speed values (40 and 80 m/min) 
However, as mentioned previously, it must be remarked that all these changes are much lower than in the case 
of feed. The highest differences do not exceed 1,7 times the value of Ra when varying cutting speed, whereas they 
can reach values close to 5 times the Ra value when varying feed. 
All these observations can be explained taking into account the geometrical relationship between Ra and feed 
[Rubio et al. (2005)], as well as considering alterations of the tool geometry during the cutting process [Batista et 
al. (2012), Sánchez et al. (2005)], Fig. 4. 
Fig. 5 collects macrographs of used tools during turning processes achieved, for each cutting speed and feed 
used. As it can be appreciated, an incorporation of the workpiece material has taken place both in the edge (Built-
Up Edge, BUE) and on the rake face (Built-Up Layer). The apparition of both incorporations (BUL and BUE) 
causes an alteration in the initial tool geometry that affects to the surface finish quality of the pieces, [Gökkaya and 
Taskesen (2008), Gökkaya (2010), List et al. (2005)]. 
Tool images show a higher BUL and BUE formation at high feeds, while this fact is not so marked at low feeds. 
Thus, higher BUL and BUE formation is obtained for feed of 0,2 mm/rev, regardless of the value of the cutting 
speed used. In this regard, the influence of cutting speed in the secondary adhesion process is less noticeable. Only 
for low feed values (0,05 and 0,01 mm/rev) a slightly higher adhesion process can be appreciated when low cutting 
speed values are applied (40 and 80 m/min). 
Decreasing Ra values with axial machining length (L) can be explained due to indirect adhesion process. The 
most influential factor is the change produced in the edge geometry. The linear Ra(f) dependence is reduced by the 
BUE formation that can reduce the tool position angle, diminishing the Ra value [Salguero et al. (2012), Trujillo et 
al. (2013)]. This reduction is more noticeable for low feed values, as it is shown in Fig. 4. 
In addition, for low feed values the adhesion process is more progressive than for high feed values, where BUL 
and BUE appear in the first seconds of the machining process. This fact can be verified by comparing with the 
macrographs of preliminary ten-second tests, performed under the same cutting conditions [Trujillo et al. (2013)], 
Fig. 6.  
On the other hand, BUE is usually unstable, detaching and reappearing cyclically. This explains the appearance 
of singular behaviors of Ra(L), as previously mentioned (f = 0.02 mm/rev, v = 40 m/min). Fig. 7 shows two images 
obtained by using Scanning Electron Microscopy (SEM), of tools used in a t = 10 s test and a t > 10 s test 
respectively, under the cutting conditions aforementioned. As it can be observed, BUE is higher for t = 10 s test 
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than for t > 10 s test, where BUL is higher. This suggests that BUE has been detached in sometime, which can 
explain the fluctuations of Ra values along L [Rubio et al. (2005)]. 
 
Fig. 5. Tools macrograpfhs (30X) for each feed and cutting speed used. 
 
Fig. 6. Tools macrograpfhs (30X) used in some tests with t = 10 s and t > 10 s, and p = 1 mm. 
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Fig. 7. SEM image of tools used in tests performed with f = 40 m/min and v = 0,2 mm/rev; (a) t = 10 s; (b) t > 10 s. 
 
Finally, the experimental data above allow to suggest that it is possible to look for a parametric model that 
relates Ra with the axial machining length (L) and the applied cutting parameters (v, f) [Salguero et al. (2011)]. 
Because of the different diameters used in the tests tubes, it is desirable to introduce the machining time (t) rather 
the axial machining length (L), in order to compare real machining lengths. So, a parametric potential model Ra(v, 
f ,t) can be obtained. Thereby, it was tested a model as follows: 
zyx tfvKRa    (1) 
In order to evaluate coefficient K and exponents x, y and z, eq. 1 can be written in logarithmic scale. Thus, their 
values can be calculated through a multi-linear regression of experimental data, obtaining a model as follows:  
11,075,013,036,13 tfvRa    (2) 
The values obtained for the exponents are in agreement with above. On one side, the higher value obtained for y 
implies a higher dependence of Ra versus f. On the other hand, the lower value of x and z implies a lower 
dependence from v and t. In addition, the negative value of x and z means a reduction of Ra when v and t increase. 
This reduction is more noticeable when f reduces its influence on Ra, which occurs at low feed values. 
4. Conclusions 
The obtained results show that feed is the parameter that most influences Ra. Thus, the worst Ra results are 
obtained for the highest f value (0,2 mm/rev), regardless the cutting speed values used. On the other hand, the 
influence of cutting speed is lower, and different trends are shown on Ra(v) depending on feed used. 
Additionally, the experimental results reveal a certain tendency to decrease Ra with L. This reduction is slighter 
at high feed values and stronger at low feed values. This can be explained taking into account the alterations of the 
tool geometry during the cutting process, due to secondary adhesion wear. 
Finally, a parametric potential model Ra(v, f, t) has been obtained. Using this model it is possible to predict the 
Ra value when different v, f and t values are applied, into the range of values considered. In agreement with similar 
studies for aluminum alloys, this model can be thought as general for such of alloys and it is left for future work to 
check its generality. 
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